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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
tent Application of 
yuki TANI ) Attention: Applications Branch 

Serial No. 09/874,367 
Filed: June 6,2001 
For: PHOTOMASK FORMATION 
METHOD AND ALIGNMENT 
METHOD 

PRELIMINARY AMENDMENT 



Honorable Commissioner for Patents 

Washington, D.C. 20231 

Sir: 

Please preliminary amend the above-identified application as follows: 
IN THE SPECIFICATION 

Please amend the specification as follows: 



On Page 7. Paragraph 2 



As shown in FIG. 11B, the on-wafer intended pattern 132 (gate pattern) has already been 
defined for the reference layer by the isolation film 131 and wafer surface in the on-wafer 
intended pattern region 171. An on-wafer intended pattern 183 is going to be formed for the 
layer-to-be-aligned on the on-wafer intended pattern 132 so that gate electrodes will be arranged 
three by three at a width of 0.5 jam and a space of 0.5 jam. For that purpose, the mask is 
automatically aligned by reference to the on-wafer alignment marks 134 for the reference layer 
shown in FIG. 9A. Thereafter, the photoresist film 182 is exposed and developed and thereby 
defining a resist pattern for forming the gate electrodes, alignment accuracy measuring marks 
(see the parts indicated by broken lines) and alignment marks for the next process step, for 
example. 
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On Page 16. Paragraph 3. continuing on Page 17 

A second inventive alignment method includes the step of a) preparing a reference-layer- 
defining photomask on which a first on-mask alignment accuracy measuring mark and an on- 
mask alignment mark have been formed. The first on-mask alignment accuracy measuring mark 
has a size equal to that of a first on-wafer intended pattern for a reference layer. The on-mask 
alignment mark has a size equal to that of a second on-wafer intended pattern to be defined in a 
layer-to-be-aligned. The method further includes the step of b) preparing a layer-to-be-aligned- 
defining photomask that includes at least a second on-mask intended pattern for defining the 
second on-wafer intended pattern in the layer-to-be-aligned. The method further includes the step 
of c) forming the first on-wafer intended pattern and an on-wafer alignment accuracy measuring 
mark on a wafer by using the reference-layer-defining photomask. The on-wafer alignment 
accuracy measuring mark is formed by transferring the on-mask alignment accuracy measuring 
mark. And the method further includes the step of d) aligning the layer-to-be-aligned-defming 
photomask by reference to the position of the on-wafer alignment accuracy measuring mark for 
the reference layer. 

On Page 18. Paragraph 2 

FIGS. 3A through 3C are respectively a plan view illustrating a unit chip region of a 
wafer on which a reference layer pattern has been defined using the reference-layer-defining 
photomask, a cross-sectional view illustrating an on-wafer intended pattern region and a cross- 
sectional view illustrating an on-wafer alignment region in accordance with the first 
embodiment. 

On Page 23, Paragraph 3. Continuing on Page 24 

FIGS. 3A through 3C are respectively a plan view illustrating a unit chip region of a 
wafer on which a reference layer pattern has been defined using the reference-layer-defining 
photomask shown in FIGS. 1A through ID, a cross-sectional view illustrating an on-wafer 
intended pattern region and a cross-sectional view illustrating an on-wafer alignment region. As 
shown in FIG. 3 A, the unit chip region Rtpwf includes the on-wafer intended pattern region 21, 
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on-wafer alignment accuracy measuring regions 22, and first and second on-wafer alignment 
regions 23x and 23y. An isolation film pattern for transistors to be fabricated in the chip has been 
defined in the on-wafer intended pattern region 21, Each of the on-wafer alignment accuracy 
measuring regions 22 includes an alignment accuracy measuring mark for measuring the 
alignment accuracy. The first and second on-wafer alignment regions 23x and 23y include 
alignment marks that are necessary for the alignment with a layer-to-be-aligned pattern. 

On Page 27. Paragraph 3 

Next, before the layer-to-be-aligned pattern is formed over the wafer using the layer-to- 
be-aligned-defining photo-mask shown in FIGS. 4 A through 4C, a shift Ax between the actual 
and ideal distances between any pair of on-wafer alignment marks 33a and 33b of the first and 
second groups is measured. The ideal distance is stored in a database for the stepper. The shift 
Ax is used as a correction for the next alignment step for forming the layer-to-be-aligned pattern. 

On Page 28. Paragraph 2, Continuing on Page 29 

As also shown in FIG. 5B ? the on-wafer intended pattern 32 (first on-wafer intended 
pattern) has already been defined for the reference layer by the isolation film 31 and wafer 
surface in the on-wafer intended pattern region 71. A gate resist pattern 83 is going to be formed 
so that a gate pattern 84 (second on-wafer intended pattern) will be made up of multiple gate 
electrodes arranged three by three at a width of 0.5 |im and a space of 0.5 jam through a patterned 
process for the layer-to-be-aligned. As shown in FIG. 5Q the poly silicon film 81 and the 
photoresist film 82 are also formed on the first and second groups of on-wafer alignment marks 
33a and 33b for the reference layer, which have been formed in the process step shown in FIGS. 
3A through 3C. However, no alignment marks will be newly formed in this region, and no 
pattern will be defined in this part of the photoresist film. 
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IN THE CLAIMS 

Please amend the claims as follows: 

8. (Amended) An alignment method comprising the steps of: 

a) preparing a reference-layer-defining photomask on which a first on-mask 
alignment accuracy measuring mark and an on-mask alignment mark have been formed, the first 
on-mask alignment accuracy measuring mark having a size equal to that of a first on-wafer 
intended pattern for a reference layer, the on-mask alignment mark having a size equal to that of 
a second on-wafer intended pattern to be defined in a layer-to-be-aligned; 

b) preparing a layer-to-be-aligned-defining photomask that includes at least a second 
on-mask intended pattern for defining the second on-wafer intended pattern in the layer-to-be- 
aligned; 

c) forming the first on-wafer intended pattern and an on-wafer alignment accuracy 
measuring mark on a wafer by using the reference-layer-defining photomask, the on-wafer 
alignment accuracy measuring mark being formed by transferring the on-mask alignment 
accuracy measuring mark; and 

d) aligning the layer-to-be-aligned-defining photomask by reference to the position 
of the on-wafer alignment accuracy measuring mark for the reference layer. 
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REMARKS 

This preliminary amendment corrects minor typographical errors in the specification and 
in claim 8. Examination on the merits is requested. 

Respectfully submitted, 



— - 

Eric J. Robinson 
Reg. No. 38,285 

NIXON PEABODY LLP 
8180 Greensboro Drive 
McLean, Virginia 22102 
(703) 790-9110 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

IN THE SPECIFICATION 

Please amend the specification as follows: 
On Page 7. Paragraph 2 

As shown in FIG. 11B, the on- wafer intended pattern 132 (gate pattern) has already been 
defined for the reference layer by the isolation film 131 and wafer surface in the on-wafer 
intended pattern region 171. An on-wafer intended pattern 183 is going to be formed for the 
layer-to-be-aligned on the on-wafer intended pattern 132 so that gate electrodes will be arranged 
three by three at a width of 0.5 |im and a space of 0.5 pm. For that purpose, the mask is 
automatically aligned by reference to the on-wafer alignment marks [132] 134 for the reference 
layer shown in FIG. 9 A. Thereafter, the photoresist film 182 is exposed and developed and 
thereby defining a resist pattern for forming the gate electrodes, alignment accuracy measuring 
marks (see the parts indicated by broken lines) and alignment marks for the next process step, for 
example. 

On Page 16. Paragraph 3. continuing on Page 17 

A second inventive alignment method includes the step of a) preparing a reference-layer- 
defming photomask on which a first on-mask alignment accuracy measuring mark and an on- 
mask alignment mark have been formed. The first on-mask alignment accuracy measuring mark 
has a size equal to that of a first [on-mask] on-wafer intended pattern for a reference layer. The 
on-mask alignment mark has a size equal to that of a second on-wafer intended pattern to be 
defined in a layer-to-be-aligned. The method further includes the step of b) preparing a layer-to- 
be-aligned-defining photomask that includes at least a second on-mask intended pattern for 
defining the second on-wafer intended pattern in the layer-to-be-aligned. The method further 
includes the step of c) forming the first on-wafer intended pattern and an on-wafer alignment 
accuracy measuring mark on a wafer by using the reference-layer-defining photomask. The on- 
wafer alignment accuracy measuring mark is formed by transferring the on-mask alignment 
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accuracy measuring mark. And the method further includes the step of d) aligning the layer-to- 
be-aligned-defining photomask by reference to the position of the on-wafer alignment accuracy 
measuring mark for the reference layer. 

On Page 18. Paragraph 2 

FIGS. 3 A through [3D] 3C are respectively a plan view illustrating a unit chip region of a 
wafer on which a reference layer pattern has been defined using the reference-layer-defining 
photomask, a cross-sectional view illustrating an on-wafer intended pattern region and a cross- 
sectional view illustrating an on-wafer alignment region in accordance with the first 
embodiment. 

On Page 23. Paragraph 3. Continuing on Page 24 

FIGS. 3 A through [3D] 3C are respectively a plan view illustrating a unit chip region of a 
wafer on which a reference layer pattern has been defined using the reference-layer-defining 
photomask shown in FIGS. LA through ID, a cross-sectional view illustrating an on-wafer 
intended pattern region and a cross-sectional view illustrating an on-wafer alignment region. As 
shown in FIG. 3 A, the unit chip region Rtpwf includes the on-wafer intended pattern region 21, 
on-wafer alignment accuracy measuring regions 22, and first and second on-wafer alignment 
regions 23x and 23y. An isolation film pattern for transistors to be fabricated in the chip has been 
defined in the on-wafer intended pattern region 21. Each of the on-wafer alignment accuracy 
measuring regions 22 includes an alignment accuracy measuring mark for measuring the 
alignment accuracy. The first and second on-wafer alignment regions 23x and 23y include 
alignment marks that are necessary for the alignment with a layer-to-be-aligned pattern. 

On Page 27. Paragraph 3 

Next, before the layer-to-be-aligned pattern is formed over the wafer using the layer-to- 
be-aligned-defining photo-mask shown in FIGS. 4A through 4C ? a shift Ax between the actual 
and ideal distances between any pair of on-wafer alignment marks 33a and 33b of the first and 
second groups is measured. The ideal distance is stored in a database for the stepper. The shift 
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Ax is used as a correction for the next alignment step for forming [the reference layer pattern] the 
layer-to-be-aligned pattern . 

On Page 28. Paragraph 2, Continuing on Page 29 

As also shown in FIG. 5B, the on-wafer intended pattern 32 (first on-wafer intended 
pattern) has already been defined for the reference layer by the isolation film 31 and wafer 
surface in the on-wafer intended pattern region 71. A gate resist pattern 83 is going to be formed 
so that a gate pattern 84 (second on-wafer intended pattern) will be made up of multiple gate 
electrodes arranged three by three at a width of 0.5 jam and a space of 0.5 jam through a patterned 
process for the layer-to-be-aligned. As shown in FIG. 5C, the poly silicon film 81 and the 
photoresist film 82 are also formed on the first and second groups of on-wafer alignment marks 
33a and 33b for the reference layer, which have been formed in the process step shown in FIGS. 
3A through [3D] 3C. However, no alignment marks will be newly formed in this region, and no 
pattern will be defined in this part of the photoresist film. 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

IN THE SPECIFICATION 

Please amend the specification as follows: 
On Page 7. Paragraph 2 

As shown in FIG. 11B, the on-wafer intended pattern 132 (gate pattern) has already been 
defined for the reference layer by the isolation film 131 and wafer surface in the on-wafer 
intended pattern region 171. An on-wafer intended pattern 183 is going to be formed for the 
layer-to-be-aligned on the on-wafer intended pattern 132 so that gate electrodes will be arranged 
three by three at a width of 0.5 [am and a space of 0.5 jam. For that purpose, the mask is 
automatically aligned by reference to the on-wafer alignment marks [132] 134 for the reference 
layer shown in FIG. 9 A. Thereafter, the photoresist film 182 is exposed and developed and 
thereby defining a resist pattern for forming the gate electrodes, alignment accuracy measuring 
marks (see the parts indicated by broken lines) and alignment marks for the next process step, for 
example. 

On Page 16, Paragraph 3. continuing on Page 17 

A second inventive alignment method includes the step of a) preparing a reference-layer- 
defining photomask on which a first on-mask alignment accuracy measuring mark and an on- 
mask alignment mark have been formed. The first on-mask alignment accuracy measuring mark 
has a size equal to that of a first [on-mask] on-wafer intended pattern for a reference layer. The 
on-mask alignment mark has a size equal to that of a second on-wafer intended pattern to be 
defined in a layer-to-be-aligned. The method further includes the step of b) preparing a layer-to- 
be-aligned-defining photomask that includes at least a second on-mask intended pattern for 
defining the second on-wafer intended pattern in the layer-to-be-aligned. The method further 
includes the step of c) forming the first on-wafer intended pattern and an on-wafer alignment 
accuracy measuring mark on a wafer by using the reference-layer-defining photomask. The on- 
wafer alignment accuracy measuring mark is formed by transferring the on-mask alignment 
accuracy measuring mark. And the method further includes the step of d) aligning the layer-to- 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

be-aligned-defining photomask by reference to the position of the on-wafer alignment accuracy 
measuring mark for the reference layer. 

On Page 18. Paragraph 2 

FIGS, 3 A through [3D] 3C are respectively a plan view illustrating a unit chip region of a 
wafer on which a reference layer pattern has been defined using the reference-layer-defining 
photomask, a cross-sectional view illustrating an on-wafer intended pattern region and a cross- 
sectional view illustrating an on-wafer alignment region in accordance with the first 
embodiment. 

On Page 23. Paragraph 3. Continuing on Page 24 

FIGS, 3 A through [3D] 3C are respectively a plan view illustrating a unit chip region of a 
wafer on which a reference layer pattern has been defined using the reference-layer-defining 
photomask shown in FIGS. 1A through ID, a cross-sectional view illustrating an on-wafer 
intended pattern region and a cross-sectional view illustrating an on-wafer alignment region. As 
shown in FIG. 3A, the unit chip region Rtpwf includes the on-wafer intended pattern region 21, 
on-wafer alignment accuracy measuring regions 22, and first and second on-wafer alignment 
regions 23x and 23y. An isolation film pattern for transistors to be fabricated in the chip has been 
defined in the on-wafer intended pattern region 21. Each of the on-wafer alignment accuracy 
measuring regions 22 includes an alignment accuracy measuring mark for measuring the 
alignment accuracy. The first and second on-wafer alignment regions 23x and 23y include 
alignment marks that are necessary for the alignment with a layer-to-be-aligned pattern. 

On Page 27. Paragraph 3 

Next, before the layer-to-be-aligned pattern is formed over the wafer using the layer-to- 
be-aligned-defming photo-mask shown in FIGS. 4A through 4C, a shift Ax between the actual 
and ideal distances between any pair of on-wafer alignment marks 33a and 33b of the first and 
second groups is measured. The ideal distance is stored in a database for the stepper. The shift 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

Ax is used as a correction for the next alignment step for forming [the reference layer pattern] the 
layer-to-be-aligned pattern . 

On Page 28. Paragraph 2. Continuing on Page 29 

As also shown in FIG. SB, the on-wafer intended pattern 32 (first on-wafer intended 
pattern) has already been defined for the reference layer by the isolation film 31 and wafer 
surface in the on-wafer intended pattern region 71 . A gate resist pattern 83 is going to be formed 
so that a gate pattern 84 (second on-wafer intended pattern) will be made up of multiple gate 
electrodes arranged three by three at a width of 0.5 (im and a space of 0.5 jam through a patterned 
process for the layer-to-be-aligned. As shown in FIG. 5C, the poly silicon film 81 and the 
photoresist film 82 are also formed on the first and second groups of on-wafer alignment marks 
33a and 33b for the reference layer, which have been formed in the process step shown in FIGS. 
3A through [3D] 3C. However, no alignment marks will be newly formed in this region, and no 
pattern will be defined in this part of the photoresist film. 
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IN THE CLAIMS 

Please amend the claims as follows: 

8. (Amended) An alignment method comprising the steps of: 

a) preparing a reference-layer-defming photomask on which a first on-mask 
alignment accuracy measuring mark and an on-mask alignment mark have been formed, the first 
[on-mask] on-wafer alignment accuracy measuring mark having a size equal to that of a first on- 
mask intended pattern for a reference layer, the on-mask alignment mark having a size equal to 
that of a second on-wafer intended pattern to be defined in a layer-to-be-aligned; 

b) preparing a layer-to-be-aligned-defming photomask that includes at least a second 
on-mask intended pattern for defining the second on-wafer intended pattern in the layer-to-be- 
aligned; 

c) forming the first on-wafer intended pattern and an on-wafer alignment accuracy 
measuring mark on a wafer by using the reference-layer-defining photomask, the on-wafer 
alignment accuracy measuring mark being formed by transferring the on-mask alignment 
accuracy measuring mark; and 

d) aligning the layer-to-be-aligned-defining photomask by reference to the position 
of the on-wafer alignment accuracy measuring mark for the reference layer. 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

IN THE CLAIMS 

Please amend the claims as follows: 

8. (Amended) An alignment method comprising the steps of: 

a) preparing a reference-layer-defining photomask on which a first on-mask 
alignment accuracy measuring mark and an on-mask alignment mark have been formed, the first 
on-mask alignment accuracy measuring mark having a size equal to that of a first [on-mask] on- 
wafer intended pattern for a reference layer, the on-mask alignment mark having a size equal to 
that of a second on- wafer intended pattern to be defined in a layer-to-be-aligned; 

b) preparing a layer-to-be-aligned-defining photomask that includes at least a second 
on-mask intended pattern for defining the second on-wafer intended pattern in the layer-to-be- 
aligned; 

c) forming the first on-wafer intended pattern and an on-wafer alignment accuracy 
measuring mark on a wafer by using the reference-layer-defining photomask, the on-wafer 
alignment accuracy measuring mark being formed by transferring the on-mask alignment 
accuracy measuring mark; and 

d) aligning the layer-to-be-aligned-defining photomask by reference to the position 
of the on-wafer alignment accuracy measuring mark for the reference layer. 
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